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COMMUNICATION TERMINAL AND
ANTENNA APPARATUS THEREOF

PRIORITY

This application claims the benefit under 35 U.S.C. §119

(a) of a Korean patent application filed on May 10, 2010 in the
Korean Intellectual Property Office and assigned Serial No.
10-2010-0043326, and a Korean patent application filed 1n
the Korean Intellectual Property Office on Apr. 21, 2011 and

assigned Serial No. 10-2011-0037439, the entire disclosure
of each of which 1s hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a communication terminal
and internal apparatus of the terminal. More particularly, the
present invention relates to a communication terminal and an
antenna apparatus thereof.

2. Description of the Related Art

Recent wireless communication systems are supporting
various features, such as the Global Positioning System
(GPS), Bluetooth, and Internet access for supporting multi-
media services. In order for the multimedia communication
system to support the multimedia services effectively, a high
data rate for transmitting large amount of multimedia data
should be guaranteed. Recently, research 1s being conducted
to 1mprove the performance of the antenna apparatus of a
communication terminal in order to improve the data rate.
This 1s because the antenna apparatus 1s actually responsible
to communicate signals carrying multimedia service data.

In addition, recent communication terminals are becoming,
slim and compact in design for improving portability. Typi-
cally, the conventional communication terminal 1s equipped
with an antenna apparatus, such as a load antenna a helical
antenna, that 1s partially extruded out of the terminal housing,
and 1s vulnerable to external impact and resulting limitation
on portability. In order to overcome these problems, most
recent mobile terminals employ an internal antenna, so called
“intenna”, built inside the terminal housing. As a conse-
quence, the antenna apparatus 1s becoming smaller than ever
to be mounted in the compact communication terminal.

However, there 1s a limit to the size of the antenna 11 the
performance of the antenna apparatus over a predetermined
level 1s to be maintained. This 1s because the mounting space
of the antenna apparatus becomes smaller and smaller while
the shape and structure of the antenna apparatus are limited
more and more due to the reduction of the mounting space.
There 1s, therefore, a need to improve the performance of
antenna apparatus of the communication terminal having lim-
ited antenna-mounting space.

SUMMARY OF THE INVENTION

Aspects of the present invention are to address at least the
above-mentioned problems and/or disadvantages and to pro-
vide at least the advantages described below. Accordingly, an
aspect of the present invention 1s to provide an antenna appa-
ratus ol a communication terminal that 1s capable of improv-
ing communication performance while maintaining compact
design of the communication terminal.

In accordance with an aspect of the present invention, a
communication terminal 1s provided. The communication
terminal 1includes a body having a circuit board, an antenna
clement which 1s mounted inside the body and connected
clectrically to the circuit board and, when electric current 1s
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2

supplied via a main plate, resonant 1n a resonant frequency
band for transmitting and recerving signals, and a metal case
having an antenna pattern which i1s coupled to an edge of the
body to be resonant and, when the antenna element 1s reso-
nant, in the resonant frequency band for supporting operation
of the antenna element.

In accordance with another aspect of the present invention,
an antenna apparatus of a communication terminal 1s pro-
vided. The antenna apparatus includes a board body having a
structure of a flat panel, an antenna element which is arranged
at one end of the board body and, when electric current 1s
supplied, resonant in a resonant frequency band for transmit-
ting and recewving radio signals, a ground plate which 1s
arranged on one surface of the board body and contacts the
antenna element so as to ground, when the antenna element 1s
resonant, the antenna element, and a parasitic element con-
tacting the ground plate at one end so as to extend the ground
plate.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled 1n the art from
the following detailed description, which, taken in conjunc-
tion with the annexed drawings, discloses exemplary embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 1s a perspective view 1llustrating a counter of a
communication terminal according to an exemplary embodi-
ment of the present invention;

FIG. 2 1s an exploded perspective view illustrating disas-
sembled component parts of a communication terminal
according to another exemplary embodiment of the present
invention;

FIG. 3 1s a diagram 1llustrating graphs of radiation effi-
ciency of a communication terminal according to another
exemplary embodiment of the present invention;

FIG. 4 1s diagram 1illustrating distributions of electric cur-
rent 1n an antenna apparatus according to another exemplary
embodiment of the present invention;

FIG. 5 1s an exploded perspective view illustrating disas-
sembled component parts of a communication terminal
according to another exemplary embodiment of the present
imnvention;

FIG. 6 1s a diagram illustrating distributions of electric
current around an antenna element according to another
exemplary embodiment of the present invention;

FIG. 7 1s a diagram illustrating distributions of electric
current 1n an antenna apparatus according to another exem-
plary embodiment of the present invention;

FIG. 81s a diagram 1llustrating distributions of electric field
of an antenna apparatus according to another exemplary
embodiment of the present invention;

FIG. 9 1s a diagram 1llustrating distributions of a magnetic
field (H field) of an antenna apparatus according to another
exemplary embodiment of the present invention;

FIG. 10 1s an exploded perspective view illustrating disas-
sembled component parts of a communication terminal
according to another exemplary embodiment of the present
invention;

FIG. 11 1s a diagram illustrating current distribution of an
antenna apparatus according to another exemplary embodi-
ment of the present invention;
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FIG. 12 1s an exploded perspective view illustrating disas-
sembled component parts of a communication terminal

according to another exemplary embodiment of the present
imnvention;

FIG. 13 1s a diagram 1illustrating images of electric field
distributions of an antenna apparatus according to another
exemplary embodiment of the present invention;

FIG. 14 1s a diagram 1llustrating electric field distribution
of an antenna apparatus according to another exemplary
embodiment of the present invention;

FIG. 15 1s a perspective view illustrating an exemplary
antenna apparatus of a communication terminal according
another exemplary embodiment of the present invention;

FIG. 16 15 a perspective view 1llustrating another exem-
plary antenna apparatus of the communication terminal
according another exemplary embodiment of the present
invention; and

FI1G. 17 1s a perspective diagram illustrating another exem-
plary antenna apparatus of the communication terminal
according another exemplary embodiment of the present
invention.

Throughout the drawings, 1t should be noted that like ref-
erence numbers are used to depict the same or similar ele-
ments, features, and structures.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following description with reference to the accompa-
nying drawings 1s provided to assist in a comprehensive
understanding of exemplary embodiments of the invention as
defined by the claims and their equivalents. It includes vari-
ous specific details to assist in that understanding, but these
are to be regarded as merely exemplary. Accordingly, those of
ordinary skill 1n the art will recognize that various changes
and modifications of the embodiments described herein can
be made without departing from the scope and spirit of the
invention. In addition description of well-known functions
and constructions may be omitted for clarity and conciseness.

The terms and words used 1n the following description and
claims are not limited to the bibliographical meanings, but are
merely used by the mventor to enable a clear and consistent
understanding of the invention. Accordingly, 1t should be
apparent to those skilled 1n the art that the following descrip-
tion of exemplary embodiments of the present ivention 1s
provided for i1llustration purposes only and not for the purpose
of limiting the invention as defined by the appended claims
and their equivalents.

It 15 to be understood that the singular forms ““a,” “an,” and
“the” 1include plural referents unless the context clearly dic-
tates otherwise. Thus, for example, reference to “a compo-
nent surface” includes reference to one or more of such sur-
faces.

FIG. 1 1s a perspective view 1llustrating a counter of the
communication terminal according to an exemplary embodi-
ment the present invention.

Referring to FIG. 1, the communication terminal 100
includes a body 110 and internal function blocks (not shown).
The body 110 may include at least one part. In an exemplary
case of a bar-type communication terminal 100, the body 110
1s formed as a single casing. In the case of a folder type or a
slide type communication terminal 100 1s composed of an
upper body 120 and a lower body 130. The description 1s
provided herein under the assumption that the communica-
tion terminal 100 1s a slide type terminal, but exemplary
embodiments of the present invention may be adapted for
other types of communication terminals.
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In the communication terminal 100, the upper body 120
and the lower body 130 are slidably coupled to each other.
The communication terminal may be in one of two states: a
closed state in which the upper and lower bodies 120 and 130
are entirely overlapped, and an open state 1n which the upper
and lower bodies 120 and 130 are partially overlapped. Each
of the upper and lower bodies 120 and 130 1s composed of an
outer case defining internal space for receiving electric
devices. The outer case can be made of synthetic resin or
metal such as stainless steel or titanium.

The upper body includes a display unit 121, an audio
output unit 123, and an upper manipulation unmt 125. The
display umit 121 displays operation state of the communica-
tion terminal 100. The display unit 121 may be implemented
with a Liquid Crystal Display (LCD). In this case, the display
unit 121 may include an LCD controller, an LCD memory,
and LCD devices. When using a touchscreen-enabled LCD,
the display unit 121 may function as an mput device. The
audio output unit 123 outputs audio signals in the form of
audible sound. The audio output umt 123 can include a
speaker. The upper manipulation unit 1235 1s provided with a
plurality of keys.

The lower body 130 includes a lower manipulation unit
131, an audio mput unmit (not shown), a memory (not shown),
and a control unit (not shown). The lower manipulation unit
131 1s provided with a plurality of keys. The audio mput unit
receives the audio signal. The audio mput unit may include a
microphone. The memory stores programs for controlling the
operations of the communication terminal 100 and data gen-
crated by the programs.

FIG. 2 1s an exploded perspective view illustrating disas-
sembled component parts of a communication terminal
according to an exemplary embodiment of the present inven-
tion. In this embodiment, the description 1s made of the inter-
nal structure operating as the antenna apparatus 1n the com-
munication terminal 100.

Referring to FIG. 2, the communication terminal 100
includes a circuit board 140 mounted 1nside the lower body
130, an element carrier 150, an antenna element 160, and a
metal case 170.

The circuit board 140 1s provided as a support of the com-
munication terminal 100. The circuit board 140 supports the
clectronic components of the communication terminal 100.
The electronic components, such as a memory and a control-
ler, are mounted on the circuit board 140. The circuit board
140 1s also provided with a board body 141 and a ground plate
147.

The board body 141 is provided for power supply and
signal transier on the circuit board 140. A surface of the board
body 141 1s divided 1nto a group region 143 and an element
region 145. The board body 141 1s made of a dielectric mate-
rial having a plurality of power supply lines (not shown). The
board body 131 may be formed by laminating a plurality of
dielectric plates. Each power supply line 1s exposed at both
ends. One end of the power supply line 1s connected to an
external power source (not shown). The other end of the
power supply line may be exposed via the element region. In
this manner, the power from the external power source 1s
supplied to the other end of the power supply line.

The ground plate 147 1s provided for grounding of the
circuit board 140. The ground plate 147 1s arranged in the
ground region 143 of the board body 141. The ground plate
147 1s provided 1n a plate structure. The ground plate 147 may
be arranged horizontally on a surface ol the board body 141 so
as to cover the entire surface of the ground region 143. The
ground plate 147 may be arranged perpendicular to a surface




US 9,293,827 B2

S

of the board body 141 at a given region. The ground plate 147
may be structured in the form of plate having various types of
grooves or holes.

The element carrier 150 1s provided as a medium. The
clement carrier 150 1s mounted 1n the element region 145 of
the board body 141. The element carrier 150 1s structured in
the form of a plate having a certain thickness from the board
body. The device carrier 150 exposes an end of each power
supply line 1n the element region 145. The element carrier 150
1s shaped so as to correspond to the element region 145 and 1s
protruded 1nside the element region 145. The element carrier
150 1s made of a dielectric material. The element carrier 150
may be formed with the same material as or different matenal
from that of the board body 141. The element carrier can have
relatively high loss rate.

The antenna element 160 1s responsible for radio commu-
nication of the communication terminal 100. The antenna
clement 160 1s resonant at a predetermined resonant fre-
quency band to transmit/recerve electromagnetic waves. The
antenna element 160 1s arranged 1n the element region 145 of
the board body 141. The antenna element 160 1s arranged in
the element region 145 so as to extend along the surface of the
clement carrier 150. The antenna eclement 160 may be
arranged so as to have a distance corresponding to the thick-
ness of the element carrier 150 with the board body 141 and
the ground plate 147. The antenna element 160 may also be
structured to have at least one curved part. The antenna ele-
ment 160 may be formed 1n at least one of a meander struc-
ture, a spiral structure, a step structure, and a loop structure.

The antenna element 160 1s connected to one ends of the
power supply lines. A power supply point 161 contacting the
power supply line at the antenna element 160 1s disposed at
one end of the antenna element 160. The antenna element 160
1s grounded via the ground plate 147. The antenna element
160 contacts the ground plate 147. The contact point between
the antenna element 160 and the ground plate 147, 1.e. the
contact point 163, 1s formed at the other end of the antenna
clement 160. In this manner, when an external power source
supplies power via the power supply point 161, the antenna
clement 160 1s resonant at the resonant frequency band. While
the antenna element 150 operates, a magnetic field 1s formed
around the antenna element 150.

The metal case 170 1s provided to support the communi-
cation terminal 100. The metal case 170 prevents the com-
munication terminal 100 from being distorted. The metal case
170 1s arranged so as to be engaged around the edge of the
lower body 130. The metal case 170 1s made of a material
having relatively high stifiness. The metal case 170 1s pro-
vided with a metal frame 171 and an antenna patter 175.

The metal frame 171 of the metal case 170 1s provided to
maintain the outer contour of the body 110. The metal frame
171 1s engaged along the edges 1nside formed by the outer
case of the lower body 130. For example, the metal frame 171
may be formed with a width of 43 mm in the X axis and a
length of 97 mm 1n the Y axis. The metal frame 1s formed to
receive the electronic elements such as circuit board 140,
element carrier 150, and antenna element 160. The metal
frame 171 1s formed as a structure having at least one gap 173.
IT a plurality of gaps 1s formed, the metal frame 171 may be
divided 1nto a plurality of pieces.

The antenna pattern 175 1s provided so as to be resonant in
the metal case 170. The antenna pattern 175 supports the
resonance of the antenna element 160. When the antenna 1s
resonant, the antenna pattern 175 1s resonant along with the
antenna element 160 at the resonant frequency. The antenna
pattern 175 1s extended to the inner space of the lower body
130 from the metal case 170. The antenna pattern 173 1s
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connected to the metal case 170 at both sides of the gap 173.
The antenna pattern 175 1s integrally connected with the
metal frame 171. The antenna pattern 175 may be formed as
a structure having at least one curvature. The antenna pattern
175 may be formed 1n at least one of a meander structure, a
spiral structure, a step structure, and a loop structure.

The antenna pattern 175 1s made of a metallic material so as
to operate as 1f 1t 1s a transmission circuit of the communica-
tion terminal 100. When the magnetic field 1s formed around
the antenna element 160, the antenna 160 and the antenna
pattern 175 are magnetically coupled with each other, result-
ing in electricity supply from the antenna element 160 to the
antenna pattern 175. During the electricity supply, the
antenna pattern 173 1s resonant along with the antenna ele-
ment 160.

Accordingly, the antenna apparatus of the communication
terminal 100 according to an exemplary embodiment of the
present invention shows improved operation characteristics.

FIG. 3 1s a diagram 1llustrating graphs of radiation effi-
ciency ol a communication terminal according to an exem-
plary embodiment of the present invention. FIG. 3 shows the
radiation efficiency of the antenna apparatus of the commu-
nication terminal per frequency band. Graph (a) of FIG. 3
shows the radiation efficiency of the antenna apparatus of the
communication terminal configured without the metal case.
Graph (b) of FIG. 3 shows the radiation efficiency of the
antenna apparatus ol the communication terminal configured
with the antenna pattern. Graph (c¢) of FIG. 3 shows the
radiation efficiency of the antenna apparatus of the commu-
nication terminal configured with the metal case.

Referring to FIG. 3, the antenna apparatus of the commu-
nication terminal 100 shows the radiation efficiency exceed-
ing 60% across the relatively extended frequency bandwidth.
With the fine adjust of the antenna apparatus of the commu-
nication terminal 100, the antenna apparatus shows the radia-
tion efliciencies at respective frequency bands as shown in
Table 1. The antenna apparatus of the communication termi-
nal 100 shows improved radiation efficiency in relatively low
frequency band, e.g. 1n the range between 850 MHz and 900
MHz. This means that the antenna apparatus of the commu-
nication terminal 100 shows improved radiation efliciency.
The antenna apparatus of the communication terminal 100
can acquire significantly improved operation characteristics
with the antenna pattern 175 as well as the metal frame 171 as
compared to the case configured with any of the metal frame
171 and the antenna pattern.

TABLE 1
Frequency band Radiation efficiency (%)
(MHz) Without antenna pattern With antenna pattern
800 26.14 23.26
820 30.00 277.78
840 25.97 43.96
860 16.95 32.58
8&0 16.67 34.01
900 14.93 40.27
920 11.76 45.20
940 20.41 56.60
960 40.00 63.57
980 66.25 68.26
1000 38.99 66.07

FIG. 4 1s a diagram 1illustrating distributions of electric
current 1n the antenna apparatus of FIG. 2 according to an
exemplary embodiment of the present invention. In FIG. 4,
the differing shades of gray indicate the strengths of the
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clectric current in descending order. Part (1) of FIG. 4 shows
the electric current distribution of the antenna apparatus of the
communication terminal configured with the metal frame
having the gaps but without antenna pattern. Part (b) of FIG.
4 shows the electric current distribution of the antenna appa-
ratus of the communication terminal configured with the
metal case.

Referring to FIG. 4, the antenna apparatus of the commu-
nication terminal 100 prevents the current induction to the
metal frame 171 by forming gaps on the metal frame. The
antenna apparatus of the communication terminal 100 facili-
tates the operation of the antenna element 150 with the
antenna pattern 175 1n addition to the metal frame. The elec-
tric current tlowing to the antenna pattern 173 and the antenna
1s resonant along with the antenna element 150. As the elec-
tric current flows along the antenna pattern 1735, 1t 1s possible
to suppress the electric current induction to the recerver side
positioned at an end opposite to the other end where the
antenna element 160 1s positioned on the circuit board.
Accordingly, 1t 1s possible to improve the Hearing Aid Com-
patibility (HAC) of the communication terminal. The antenna
apparatus of the communication terminal 100 improves the
operation characteristics significantly with the formation of
the antenna pattern 175 as well as the metal frame.

The communication terminal 100 may be prevented from
being distorted in use with the support ol the metal frame 171.
Furthermore, the frame 171 1s formed to the gaps 173 and the
antenna pattern 175 so as to improve the performance of the
antenna apparatus. Since the antenna pattern 175 functions as
an additional branch element of the antenna element 160, the
antenna apparatus can operate more eill

iciently 1n relatively
low frequency bane. Accordingly, the antenna apparatus of
the communication terminal 100 improves the antenna per-
formance while maintaining the compact design of the com-
munication terminal.

FIG. 5 1s an exploded perspective view illustrating disas-
sembled component parts of a communication terminal
according to another exemplary embodiment of the present
invention. In this embodiment, a description 1s made of the
internal structure operating as the antenna apparatus in the

communication terminal.

Referring to FIG. 5, the communication terminal 200
includes a circuit board 240, an element carrier 250, an
antenna element 260, and a parasitic element 280 situated
inside the lower body 130. Since the circuit board 240, board
body 241, group region 243, element carrier 250, and antenna
clement 260 are configured as described above with respectto
FIG. 2, detailed descriptions thereon 1s omitted herein.

The parasitic element 280 1s provided to support operation
of the communication terminal 200. The parasitic element
280 extends the ground plate 247 1n the communication ter-
minal 200. The parasitic element 280 1s arranged on the
clement region 245. The antenna element 160 1s composed of
a transier circuit made of metallic material. The parasmc
clement 280 contacts the ground plate 247 at one end within
the element region 245 and has an open structure at the other
end. The parasitic element 280 1s formed so as to have at least
one curved part. The parasite element 280 may be formed 1n
at least one of a meander structure, a spiral structure, a step
structure, and a loop structure.

The parasitic element 280 15 layered with the element car-
rier 250 and the antenna element 260 at the element region
245, The parasite element 280 1s patterned to extend along the
surface of the element region 245. The parasitic element 280
may be arranged along with the antenna element on the ele-
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ment carrier 250. The parasitic element 280 and the antenna
clement 260 may be mounted on the opposite surface of the
clement carrier 250.

The parasitic element 1s made of a metallic material so as to
operate as a transier circuit in the commumnication terminal
200. When the magnetic field 1s formed around the antenna
clement 260, the antenna element 260 and the parasitic ele-
ment 280 are 1n an excited state. The antenna element 260 and
the parasitic element 280 are magnetically coupled, resulting
in power supply from the antenna element 260 to the parasitic
element 280. When the antenna element 1s resonant, current
in the parasitic element 280 1s induced at one end and
grounded at the other end. In this manner, the electric current
flows from the antenna element 260 to the ground plate 247
directly and via the parasitic element 280.

Accordingly, the antenna apparatus of the communication
terminal 200 shows the improved operation characteristics.
This 1s described 1n detail with reference to FIGS. 6 to 9.

FIG. 6 1s a diagram 1illustrating distributions of electric
current around an antenna element according to another
exemplary embodiment of the present invention. FIG. 7 1s a
diagram 1illustrating distributions of electric current 1n an
antenna apparatus according to another exemplary embodi-
ment of the present imnvention. In FIGS. 6 and 7, the varying
shades of gray indicate the strengths of the electric current 1n
descending order. Part (a) of FIG. 6 and part (b) of FIG. 7
show the electric current distributions of the antenna element
and antenna apparatus when the communication terminal 1s
configured without the parasitic element. Part (b) of FIG. 6
and part (b) of FIG. 7 shows the electric current distributions
of the antenna element and antenna apparatus when the com-
munication terminal 1s configured with the parasitic element.

Referring to FIGS. 6 and 7, in the antenna apparatus of the
communication terminal 200, the electric current transfer
path from the antenna element 260 to the ground plate 247
branches out. When the antenna element 260 1s resonant, the
clectric current flows from the antenna element 260 to the
ground plate 247 directly and via the parasitic element 280.
Since the electric current flows through the parasitic element
280, 1t 1s possible to suppress the electric current induction to
the recerver side positioned at an end opposite to the other end
where the antenna element 160 1s positioned on the circuit
board. Accordingly, 1t 1s possible to improve the HAC of the
communication terminal. The antenna apparatus of the com-
munication terminal 200 1s capable of improving the opera-
tion characteristics sigmficantly with the formation of the
parasitic element 280.

FIG. 8 1s a diagram illustrating distributions of electric field
of an antenna apparatus according to another exemplary
embodiment of the present invention. FIG. 9 1s a diagram
illustrating distributions of a magnetic field (H field) of an
antenna apparatus according to another exemplary embodi-
ment of the present invention.

Retferring to FIGS. 8 and 9, the varying shades of gray
indicate the strengths of the electric and magnetic fields 1n
descending order. Part (a) of FIG. 8 and part (a) of FIG. 9
show the distributions of the respective electric and magnetic
fields of the antenna apparatus of the communication terminal
configured without the parasitic element. Part (b) of FIG. 8
and part (b) of FIG. 9 show the distributions of the respective
clectric and magnetic fields of the antenna apparatus of the
communication terminal 200 configured with the parasitic
clement 280. Part (a) of FIG. 8 and part (a) of F1G. 9 show the
clectric and magnetic field distributions corresponding to the
region A of part (a) of FIG. 7, and part (b) of FIG. 8 and part
(b) of FI1G. 9 show the electric and magnetic field distributions
corresponding to the region B of part (b) of FIG. 7.
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In the antenna apparatus of the communication terminal
200, the electric current transfer path from the antenna ele-
ment 260 to the ground plate 247 branches out. The electric
current 1s delivered to the parasitic element 280 such that the
clectric and magnetic field distributions formed from the
antenna element 260 to the receiver side at an end opposite to
the other end where the antenna element 160 1s positioned on
the circuit board can be changed. The electric field strengths
at the regions A and B of FIG. 8 can be expressed with values
as shown 1n Table 2, and the magnetic field strengths at the
regions A and B of FIG. 9 can be expressed with values as
shown 1n Table 3. Each of the regions A and B includes
sub-regions divided in the form of a grid. The antenna appa-
ratus 1s capable of weakening the strength of the electric and
magnetic field distributions around the receiver side. Accord-
ingly, the antenna apparatus of the communication terminal

200 1s capable of improving operations characteristics with
use of the metallic parasitic element 280.

TABLE 2

Electric Field Strength (dBV/m)

A B
32.30 36.46 39.01 34.64 37.37 38.47
34.08 39.54 41.29 34.46 38.13 40.25
35.01 39.58 41.29 32.63 38.12 40.17
TABLE 3
Magnetic Field Strength (dBA/m)
A B
-17.02 -16.83 -17.52 —-16.80 -16.80 —-17.20
-13.43 -12.88 -13.31 -13.97 -13.46 -13.54
-13.56 -12.25 -11.06 -13.97 -12.50 -11.44

FI1G. 10 1s an exploded perspective view illustrating disas-
sembled component parts of a communication terminal
according to another exemplary embodiment of the present
invention. In this exemplary embodiment, a description 1s
made of the internal structure operating as the antenna appa-
ratus 1n a communication terminal.

Referring to FIG. 10, the commumnication terminal 300
includes a circuit board 340, an element carrier 350, and
antenna element 360, and a parasitic element 380 situated
inside the lower body 330. Since the circuit board 340, board
body 341, group region 343, element region 345, element
carrier 350, and antenna element 360 are configured as
described above with respect to FI1G. 2, detailed descriptions
thereot 1s omitted herein.

The parasitic element 380 1s provided to support operation
of the communication terminal 300. The parasitic element
380 extends the ground plates 347 1n the communication
terminal. The parasitic element 280 1s extended to protrude
outside the area of the circuit board 340 from the ground plate
347. For example, the parasitic element 380 may be extruded
in the x-axis direction and then extended 1n the y-axis direc-
tion. The antenna element 360 1s formed as a transfer circuit
made of metallic material. The antenna element 360 contacts
the ground plate 347 at one end and opened at the other end.
The parasitic element 380 1s arranged to have a distance as far
as possible from the electric current supply point of the
antenna eclement 360 1n x-axis direction and contact the
ground plate 347 at a position close to the antenna element
360 in y-axis. The parasitic element 380 can be formed to
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have at least one curved part. The parasitic element 380 may
be formed in at least one of a meander structure, a spiral
structure, a step structure, and a loop structure.

The parasitic element 380 1s made of a metallic matenal so
as to operate as a transier circuit 1n the communication ter-
minal 300. When the electric current flows from the antenna
clement 360 to the ground plate 347, the electric current also
induced to the parasitic element 380. This means that the
clectric current flows from the antenna element 360 to the
ground plate 347 directly and to the parasitic element via the
ground plate 347.

Accordingly, the antenna apparatus of the communication
terminal 300 shows improved operation characteristics. This
1s described 1n detail below with reference to FIG. 11.

FIG. 11 1s a diagram 1llustrating current distribution of an
antenna apparatus according to another exemplary embodi-
ment of the present invention. In FIG. 11, the varying shades
of gray indicate the strengths of the electric current 1n
descending order. Part (a) of FIG. 11 shows the current dis-
tribution of the antenna apparatus of the communication ter-
minal configured without the parasitic element. Part (b) of
FIG. 11 shows the current distribution of the antenna appa-
ratus of the communication terminal configured with the
parasitic element.

Referring to FI1G. 11, the antenna apparatus of the commu-
nication terminal 300 distributes the tlow path of the current
from the antenna element 360 to the ground. When the
antenna element 1s resonant, the electric current flows from
the antenna element 360 to the parasitic element 380 as well
as from the antenna element 360 to the ground plate 347
directly. By distributing the electric current to the parasitic
clement 380, it 15 possible to mitigate the induction of the
clectric current to the receiver side positioned at an end oppo-
site to the other end where the antenna element 360 1s posi-
tioned on the circuit board. This means that the antenna appa-
ratus weakens the electric and magnetic fields distributed
around the receiver side. Accordingly, 1t 1s possible to
improve the HAC of the communication terminal. The
antenna apparatus of the communication terminal 300 1is
capable of improving the operation characteristics signifi-
cantly with the formation of the parasitic element 380.

The communication terminal 200 or 300 1s capable of
improving the performance of the antenna apparatus using
the parasitic element 280 or 380. In the communication ter-
minal 200 or 300, the ground plate 247 or 347 1s extended by
means of the parasitic element 280 or 380 so as to mitigate
current induction from the antenna element 260 or 360 to the
receiver side on the circuit board 240 or 340. Accordingly, 1t
1s possible to improve the HAC of the communication termi-
nal. Exemplary embodiments of the present invention are
capable of improving the performance of the antenna appa-
ratus of the communication terminal 200 or 300 while main-
taining the compact design of the antenna apparatus.

FIG. 12 1s an exploded perspective view 1llustrating disas-
sembled component parts of a communication terminal
according to another exemplary embodiment of the present
invention. In this embodiment, a description 1s made of the
internal structure operating as the antenna apparatus in the
communication terminal.

Referring to FIG. 12, the communication terminal 400
according to this embodiment of the present invention
includes a circuit board 440, an element carrier 450, an
antenna element 460, and at least one blocking plate 490
situated inside the low body 130. Since the circuit board 440,
clement carrier 450, and antenna element 460 are configured
in the same manner as shown 1n FIG. 2, detailed descriptions
thereon 1s omitted herein.
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The blocking plates 490 are provided for supporting opera-
tion of the communication terminal 400. The blocking plate
490 changes at least one of the radiation pattern and radiation
strength of the antenna element 460 1n the communication
terminal 400. The blocking plate 490 1s arranged at a prede-
termined distance from the antenna element 460. The block-
ing plate 490 may be mounted on the element carrier 450 or
the board bard 441. The blocking plate 490 may be patterned
so as to extend along the surface of the element carrier 450 or
the board body. The blocking plate 490 may also be mounted
on the inner wall of the case of the lower body 130. The
blocking plate 490 may be mounted inside the lower body
alter being separately fabricated or deposited to be formed 1n
the lower body 130. The blocking plate 490 may be arranged
at a position opposite to the direction in which the antenna
clement 460 extends along the element carrier 450 or the
board body 441. I1 the antenna element 460 extends from the
clectric current supply point to the other end, the blocking
plate 490 may be arranged at a position most far from the
other end of the antenna element 460. The blocking plate 490
1s arranged at the position opposite to the direction in which
the antenna element extends such that one of the radiation
pattern or radiation strength of the antenna element 460 1s
altered on the blocking plate, resulting in 1mprovement of
performance.

The blocking plate 490 may be formed in various shapes.
For example, the blocking plate 490 can be formed 1n the
shape of flat panel or having at least one curvature. It the
blocking plate 490 1s formed having a curved portion, the
blocking plate 490 may have a metal clip structure divided
into two parts differentiated by the curved portion. The block-
ing plate 490 may contact the board body 441 at one end. If
the blocking plate 490 has a curved portion, the blocking plate
490 may be configured such that one of the two parts differ-
entiated by the curved portion contacts the board body 441.
The blocking plate 490 may be made of a metallic material or
other material having electric characteristics similar to the
metal. For example, the blocking plate 490 may be formed
with electromagnetic interference (EMI) coating. The block-
ing plate 490 may also be formed as a Flexible Printed Circuit
Board (FPCB).

The antenna apparatus of the communication terminal 400
shows improved operation characteristics. This 1s described
in detail below with reference to FIGS. 13 and 14.

FIG. 13 1s a diagram 1illustrating images of electric field
distributions of an antenna apparatus according to another
exemplary embodiment of the present invention. FIG. 14 1s a
diagram 1llustrating electric field distribution of an antenna
apparatus according to another exemplary embodiment of the
present invention. In FIGS. 13 and 14, the varying shades of
gray indicate the strengths of the electric current 1n descend-
ing order. Part (a) of FIG. 13 and part (a) of FIG. 14 show the
clectric field distribution of the antenna apparatus of the com-
munication terminal configured without the blocking plate.
Part (b) of FIG. 13 and part (b) of FIG. 14 show the electric
field distribution of the antenna apparatus of the communica-
tion terminal 400 configured with the blocking plate 490. Part
(a) of FIG. 13 and part (a) of FIG. 14 show the electric field
distribution corresponding to the region A of part (a) of FIG.
7, and part (b) of FIG. 13 and part (b) of FIG. 14 show the
clectric field distribution corresponding to the region B of part
(b) of FIG. 7.

Referring to FIGS. 13 and 14, the antenna apparatus of the
communication terminal 400 alters at least one of the radia-
tion pattern and radiation strength of the antenna element.
When the antenna element 460 1s resonant, the blocking plate
490 alters the electric current density induced from the
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antenna element 460 so as to block the electric field formed by
the antenna element 460 physically. In this manner, the block-
ing plate 490 alters the electric filed distribution of the
antenna apparatus and antenna element 460. This means that
the electric field formed around the recerver side at an end
opposite to the antenna element 460 on the circuit board 440
can be altered. The electric field strengths at the regions A and
B of FIG. 14 can be expressed with values as shown 1n Table
4. Each of the regions A and B 1s divided 1nto sub-regions 1n
the form of a grid. The antenna apparatus of the communica-
tion terminal 400 1s capable of weakening the strength of the
clectric and magnetic field distributions around the recerver
side.

Accordingly, 1t 1s possible to improve the HAC of the
communication terminal 400. The antenna apparatus of the
communication terminal 400 i1s capable of improving the
operation characteristics significantly with the blocking plate

490, as 1indicated 1n Table 4 below.

TABLE 4

Electric Field Strength (dBV/m)

A B
113 91.9 3.7 87.1 00.5 58.6
114 91.9 45.%8 87.0 61.4 53.6
86.3 06.1 42.5 06.5 57.4 39.9

The communication terminal 400 1s capable of the perfor-
mance of the antenna apparatus using the blocking plate 490.
By altering at least one of the radiation pattern or radiation
strength of the antenna element 460 using the blocking plate
490 1n the communication terminal, 1t 1s possible to suppress
the electric current induction to the recerver side from the

antenna element 460 on the circuit board. As a consequence,
it 1s possible to improve the HAC in the communication
terminal 400.

The communication terminal 400 1s capable of improving,
the performance of the antenna apparatus while maintaining
the compact design of the antenna apparatus.

Although description has been directed to the cases where
an element carrier 1s mounted on the circuit board, exemplary
embodiments of the present invention are not limited thereto.
For example, the circuit board may be integrated with the
ground region 443 without element region 445, and the ele-
ment carrier can be arranged at a side of the circuit board.
Although the description has been directed to the cases where
the antenna apparatus 1s situated in the mner space of the
lower body of the communication terminal 400, exemplary
embodiments of the present invention are not limited thereto.
For example, the antenna apparatus may be mounted 1n the
iner space of the upper body or disposed separately from the
upper and low bodies of the communication terminal. Simi-
larly, the parasitic element 280 or 380 may be arranged 1n the
upper body. In the structure where the upper and lower bodies
are overlapped, the parasitic element 280 or 380 may be
mounted 1n the upper body so as to contact the ground plate of
the circuit board.

According to exemplary embodiments of the present
invention, the antenna apparatus may be modified 1n various
shapes 1n the communication terminal. Descriptions are made
of the exemplary cases of such modifications of the antenna
apparatus with reference to FIGS. 15 to 17.

FIG. 15 1s a perspective view illustrating an exemplary
antenna apparatus of a communication terminal according to
another exemplary embodiment of the present invention.
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Referring to FIG. 15, the antenna apparatus 500 includes
an element carrier 550, an antenna element 560, and a block-
ing plate 590. Since the remaining elements of the antenna
apparatus 300 are configured similar to those described above
with respect to FIG. 2, detailed descriptions are omitted
herein.

The element carrier 550 can be implemented in the shape
corresponding to the actual mounting space of the element
carrier 550 within the mner space formed in the case of the
communication terminal. The element carrier 550 1s formed
to have insert grooves extending from outer surface to inside
or isert holes penetrating to connect the outer surfaces. The
isert grooves or sert holes are formed near the boundary
regions of the element carrier 550. The antenna element 560
1s arranged at a predetermined distance from the insert
grooves or insert holes such that the isert grooves or the
isert holes are exposed. The blocking plate 590 1s inserted 1n
at least some part of the element carrier 550 so as to be
mounted on the element carrier 550. The blocking plate 590 1s
inserted into the element carrier 350 through the insert
grooves or the insert holes. The blocking plate 590 1s arranged
at a predetermined a distance from the antenna element 560.
I1 the blocking plate 590 has a curved portion, the blocking
plate 590 1s mounted on the outer surface of the element
carrier 550 via one of the two parts divided by the curved
portion.

FIG. 16 1s a perspective view 1llustrating another exem-
plary antenna apparatus of a communication terminal accord-
ing to another exemplary embodiment of the present imnven-
tion.

Referring to FIG. 16, the antenna apparatus 600 includes
an element carrier 650, an antenna element 660, and a block
plate 690. Since the remaining elements of the antenna appa-
ratus 600 are configured similar to those described above with
respect to FIG. 2, detailed descriptions are omitted herein.

The element carrier 650 may be implemented in the shape
corresponding to the actual mounting space of the element
carrier 550 within the mner space formed in the case of the
communication terminal. The element carrier 650 may have a
slope inclined at a predetermined angle. The antenna element
660 cxtends along the surface of the element carrier 650. The
antenna element 660 1s arranged at a predetermined distance
from at least one side. The blocking plate 690 extends along
the surface of the element carrier 690. The blocking plate 690
1s arranged at a predetermined distance from the antenna
clement 660. The blocking plate 690 may be arranged on at
least one side of the element carrier 650. The blocking plate
690 may have a slant at a predetermined angle relative to the
antenna element 660. If the blocking plate 690 has a curved
portion, the blocking plate 690 can be mounted on the same
outer surface of the element carrier 650 along with the
antenna element 660 via at least one of two parts divided by
the curved portion.

FIG. 17 1s a perspective diagram illustrating another exem-
plary antenna apparatus of the communication terminal
according to another exemplary embodiment of the present
invention.

Referring to FIG. 17, the antenna apparatus 700 includes
an element carrier 750, an antenna element 760, and a block-
ing plate 790. Since the remaining elements of the antenna
apparatus 700 are configured similar to those described above
with respect to FIG. 2, detailed descriptions are omitted
herein.

The element carrier 750 has a shape corresponding to the
actual mounting space of the element carrier 750 within the
inner space formed 1n the case of the communication termi-
nal. The element carrier 750 may have a slope inclined at a
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predetermined angle. The antenna element 760 extends along
the surface of the element carrier 750. The antenna element
760 1s arranged at a predetermined a distance from at least one
side. The blocking plate 790 extends along the surface of the
clement carrier. The blocking plate 790 1s connected to the
antenna element 750. The blocking plate 790 may be
arranged at a side of the element carrier 750. The blocking
plate 790 may be arranged to be inclined at a predetermined
angle 1n correspondence to the antenna element 760. If the
blocking plate 790 has a curved portion, the blocking plate
790 may be mounted on the outer surface of the element
carrier 750 via at least one of two parts divided by the curved
portion.

Although the descriptions have been directed to the cases
where the communication terminal has at least one of a metal
case, a parasitic element, and a blocking plate, exemplary
embodiments of the present invention are not limited thereto.
Exemplary embodiments of the present imnvention may be
applied to the case where the communication terminal
includes at least two of the metal case, parasitic element, and
blocking plate.

As described above, the communication terminal and
antenna apparatus of the communication terminal according
to exemplary embodiments of the present invention 1s capable
of improving the performance of the antenna apparatus of the
communication terminal while maintaining the compact
design of the antenna apparatus. The communication terminal
according to exemplary embodiments of the present mven-
tion 1s capable of preventing the terminal body from being
distorted. Exemplary embodiments of the present invention
are also capable of mitigating electric current induction to the
receiver side from the antenna element in the communication
terminal. As a consequence, it 1s possible to improve the HAC
of the communication terminal.

While the mvention has been shown and described with
reference to certain exemplary embodiments thereof, 1t waill
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined 1n the
appended claims and their equivalents.

What 1s claimed 1s:

1. A communication terminal comprising:

a body having a circuit board;

an antenna element which 1s mounted inside the body and
connected electrically to the circuit board and, when
clectric current 1s supplied via a main plate, resonant 1n
aresonant frequency band for transmitting and receiving
signals; and

a metal case having an antenna pattern which 1s coupled to
an edge ol the body to be resonant and, when the antenna
clement 1s resonant, 1n the resonant frequency band for
supporting operation of the antenna element,

wherein the metal case 1s provided with at least one gap and
a metal frame connected to the antenna pattern at both
sides of the gap,

wherein the metal frame maintains an outer contour of the
body and 1s engaged on an inside edge of the body, and

wherein the gap 1s a complete break 1n the metal case that
1s bridged by the metal frame.

2. The communication terminal of claim 1, wherein the

circuit board comprises:

a board body structured as a flat panel;

a ground plate which 1s arranged on one surface of the
board body, contacts the antenna element, and grounds,
when the antenna element 1s resonant, the antenna ele-
ment:; and
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a parasitic element which contacts the ground plate at one

end so as to extend the ground plate.

3. The communication terminal of claim 1, further com-
prising at least one blocking plate which 1s arranged around
the antenna element at a predetermined distance from the 5
antenna element and alters, when the antenna element 1s
resonant, at least one of a radiation pattern or a radiation
strength of the antenna element.

4. The communication terminal of claim 1, wherein the
antenna pattern has a plurality of curved portions 1n the form 10
of at least one of a meander structure, a spiral structure, a step
structure, and a loop structure.

5. The communication terminal of claim 1, wherein the
antenna element has a plurality of curved portions 1n the form
of at least one of a meander structure, a spiral structure, a step 15
structure, and a loop structure.
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